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(57) ABSTRACT 

A method for storing a block of data consisting of N roWs 
and M columns, Which includes the step of transposing the 
block of data by 90° to thereby produce a transposed block 
of data consisting of M roWs and N columns, and, the step 
of storing the transposed block of data. The transposed block 
of data is preferably retrieved by using one or more fetch 
commands, With the number of fetch commands required to 
retrieve the transposed block of data being less than the 
number of fetch commands required to retrieve the same 
data if stored in its original form, thereby reducing memory 
bandwidth. In a presently contemplated implementation, the 
block of data is a reference macroblock of decoded MPEG 
video data that is used in motion compensation operations, 
and each of the fetch commands is an A><B fetch command, 
Where A represents the number of columns of data and B 
represents the number of roWs of data to be fetched in 
response thereto, and Wherein further, A>B. 
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METHOD FOR STORING AND RETRIEVING 
DATA THAT CONSERVES MEMORY BANDWIDTH 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to memory 
management, and, more particularly, to a method for storing 
and retrieving data that conserves memory bandwidth. 

[0002] Recent dramatic technological advancements in the 
?elds of computers, semiconductors, and communications 
have led to a proliferation of products that are capable of 
real-time processing of digitiZed streams of multiple data 
types, such as audio, video, graphics, and communications 
data streams. Such products are commonly referred to as 
“multimedia products”. These multimedia products include 
multimedia personal computers (PCs), television set-top 
boxes, videoconferencing systems, High De?nition Televi 
sion (HDTV) sets, video telephony systems, Internet (Web) 
broWsers, video arcade game systems, consumer video game 
consoles, and many others. 

[0003] High-quality multimedia applications require enor 
mous amounts of processing poWer, memory resources, and 
communications bandWidth, Which requirements are con 
tinuously increasing due to the increasing variety and com 
plexity of the multimedia data being processed. For 
example, many multimedia products must be capable of 
simultaneous, real-time processing of photorealistic 3-D 
graphics, CD-quality digital audio, full-motion digital video 
(e.g., MPEG-encoded video), and communications data 
streams. Until recently, each of these multimedia processing 
functions Was handled by a separate, dedicated processor 
element. Typically, a separate, programmable Digital Signal 
Processor (DSP) is used to handle each multimedia data 
type, With each DSP functioning as a co-processor in con 
junction With a host CPU. HoWever, Philips Semiconduc 
tors’ TriMedia Product Group has developed a neW Very 
Long Instruction Word (VLIW) processor architecture for 
consumer multimedia applications that converges these dif 
ferent functions into a single multi-function processor, 
called the TriMedia processor. The TM-2000 processor, 
Which is the latest version of the TriMedia processor, is a 
programmable DSP/CPU that combines a next-generation, 
programmable microprocessor core With a full set of inno 
vative development tools to simultaneously process full 
motion video (i.e., MPEG-2 digital video and DVD video), 
3-D graphics, and CD-quality audio, and high-speed com 
munications data streams. By combining these various func 
tions on a single chip, Which reduces cost, siZe and poWer 
demands, the TM-2000 processor makes possible the imple 
mentation of an advanced multimedia system at an afford 
able cost and With a smaller footprint. This implementation 
of multiple processing functions on a single chip is some 
times referred to as a “system-on-a-chip”. 

[0004] With reference noW to FIG. 1, there can be seen a 
high-level block diagram of the TM-2000 processor 20. As 
can be readily seen, the TM-2000 processor 20 includes a 
VLIW CPU 22 supported by a dedicated on-chip data cache 
23 and a separate, dedicated on-chip instruction cache 24. 
The TM-2000 processor 20 also includes a plurality of 
on-chip, independent, DMA-driven multimedia I/O and 
coprocessing units 50a-50j that Will hereinafter referred to 
as “function units”. These on-chip function units 50a-50j 
manage input, output, and formatting of video, audio, graph 
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ics, and communications datastreams and perform opera 
tions speci?c to key multimedia algorithms, thereby stream 
lining and accelerating the processing of these video, audio, 
graphics, and communications datastreams. 

[0005] With continuing reference to FIG. 1, the TM-2000 
processor 20 utiliZes an external Synchronous Dynamic 
Random Access Memory (SDRAM) 30 (or, a Sychronous 
Graphics Random Access Memory (SGRAM)) that is shared 
by the function units 50a-50j via a high-speed internal 32-bit 
bus 40a, and a 64-bit bus 40b. The 32-bit bus 40a connects 
to a main memory interface 41 through a bridge 43. The 
32-bit bus 40a and the 64-bit bus 40b Will hereinafter be 
collectively referred to as the “data highWay 40”. Bus 
transactions use a block transfer protocol. The on-chip 
function units 50a-50j can be masters or slaves on the data 
highWay 40. Programmable bandWidth allocation enables 
the data highWay 40 to maintain real-time responsiveness in 
a variety of different applications. 

[0006] Because the SDRAM 30 is a shared memory 
resource that is frequently accessed by the multiple function 
units 50a-50j of the processor 20 via the data highWay 40, 
the tWo-Way data traf?c on the data highWay 40 requires a 
large amount of memory bandWidth. Memory bandWidth is 
de?ned as the maximum rate (e.g., Mbytes/second) at Which 
the data can be transferred betWeen the SDRAM 30 and the 
function units 50a-50j and the CPU 22 of the processor 20. 
It is highly advantageous to minimiZe the amount or pro 
portion of the overall memory bandWidth for the processor 
20 that is consumed by any given one of the function units 
50a-50j and the CPU 22 Within the processor 20, in order to 
thereby improve the ef?ciency, speed, and overall perfor 
mance of the processor 20. In a Worst case scenario, if the 
memory bandWidth is insuf?cient, bottlenecks can occur due 
to data traf?c congestion on the data highWay 40, thereby 
resulting in improper operation of the system and/or system 
failure. 

[0007] The processing of digital video datastreams is a 
function that consumes a large amount of the available 
memory bandWidth, due to the fact that this function 
requires extensive use of memory in order to execute the 
complex algorithms that are required to decode and process 
the digital video datastreams. For example, the decoding and 
processing of MPEG-2 encoded digital video datastreams 
requires many memory-intensive operations to be per 
formed. In the context of the TM-2000 processor 20 
depicted in FIG. 1, the function unit 50a, called “MPEG2 
Coprocessor”, is responsible for decoding the MPEG-2 
encoded digital video datastream received by the function 
unit 50b, called “Vin/TS-In2”, hereinafter referred to simply 
as “Video In”. The decoded digital video data is stored in the 
SDRAM 30, and then the function unit 50c, called “HD 
VO” (High De?nition-Video Out), hereinafter referred to 
simply as “Video Out”, fetches the decoded digital video 
data, performs any required post-processing operations, and 
then outputs the decoded digital video data to a display 
device. One particularly memory-intensive operation that is 
required by the MPEG-2 decoding function is Motion Com 
pensation (MC), due to the fact that it entails block-based 
processing on randomly distributed reference blocks of the 
digital video data stored in the SDRAM 30, Which demands 
frequent and random memory accesses. 

[0008] Based on the above and other factors, and as Will 
be appreciated by those skilled in the pertinent art, the 
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function unit 50a (hereinafter referred to simply as the 
“MPEG-2 decoder”) consumes a considerable amount of the 
available memory bandWidth in the TM-2000 processor 20. 
Thus, in designing future generations of this TriMedia 
processor family the amount of the memory bandWidth 
required by this function unit should be minimiZed. The 
present invention meets this design objective by providing a 
novel methodology for storing data in and fetching data 
from a memory. Moreover, as Will become readily apparent 
to a person skilled in the pertinent art, the methodology of 
the present invention has utility in any device or system that 
could bene?t therefrom, the TriMedia processor being dis 
cussed herein by Way of eXample only. In general, the 
present invention has utility in any system that includes a 
memory that is accessed in a manner that requires a ?rst 
memory bandWidth if the data is stored and retrieved in the 
conventional Way, but only requires a second memory 
bandWidth that is less than the ?rst memory bandWidth if the 
data is stored and retrieved in accordance With the method 
ology of the present invention. 

SUMMARY OF THE INVENTION 

[0009] The present invention encompasses, in one of its 
aspects, a method for storing a block of data consisting of N 
roWs and M columns, Which includes the step of transposing 
the block of data by 90° to thereby produce a transposed 
block of data consisting of M roWs and N columns, and, the 
step of storing the transposed block of data. The transposed 
block of data is preferably retrieved by using one or more 
fetch commands, With the number of fetch commands 
required to retrieve the transposed block of data being less 
than the number of fetch commands required to retrieve the 
same data if stored in its original form. In a presently 
contemplated implementation, the block of data is a refer 
ence macroblock of decoded MPEG video data that is used 
in motion compensation operations, and each of the fetch 
commands is an A><B fetch command, Where A represents 
the number of columns of data and B represents the number 
of roWs of data to be fetched in response thereto, and 
Wherein further, A>B. 

[0010] The present invention encompasses, in another of 
its aspects, a processor that implements the above-described 
method. In a presently contemplated implementation, the 
processor is a multimedia processor that includes a number 
of function units that are commonly coupled to a system bus 
that is coupled to a memory (e.g., an SDRAM) in Which the 
transposed data is stored. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] These and other objects, features, and advantages 
of the present invention Will become readily apparent from 
the folloWing detailed description read in conjunction With 
the accompanying draWings, in Which: 

[0012] FIG. 1 is a functional block diagram of a TriMedia 
TM-2000 processor; 

[0013] FIGS. 2a and 2b illustrate, respectively, a normal 
MPEG macroblock, and a horiZontally doWn-scaled (by a 
factor of 2) version of the same MPEG macroblock; 

[0014] FIG. 2c illustrates the same horiZontally doWn 
scaled MPEG macroblock depicted in FIG. 2b, after it is 
transposed 90° in accordance With the method of the present 
invention; 
[0015] FIG. 3 is a functional block diagram of the com 
ponents of a TriMedia processor that are relevant to an 
understanding of the present invention; 
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[0016] FIG. 4 is a diagram that depicts the results of a 
fetch of a 9x17 reference macroblock that constitutes a 
horiZontally doWn-scaled (by a factor of 2) original 17x17 
reference macroblock, using the conventional approach; 
and, 
[0017] FIG. 5 is a diagram that depicts the results of the 
fetch of a 9x17 reference macroblock that constitutes a 
horiZontally doWn-scaled (by a factor of 2) original 17x17 
reference macroblock, using the method of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0018] In overvieW, the present invention is directed to a 
novel method of storing data in a memory Which, for 
eXample, can be utiliZed in conjunction With certain data 
processing functions or operations to conserve memory 
bandWidth. In particular, in accordance With the novel 
method of the present invention, a block of data consisting 
of N roWs and M columns, is ?rst rotated or transposed by 
90° to thereby produce a transposed block of data consisting 
of M roWs and N columns. The transposed block of data is 
then stored in the memory. In further accordance With the 
novel method of the present invention, the transposed block 
of data is then fetched, and then inversely transposed to 
thereby produce the original block of data. As previously 
discussed herein, the methodology of the present invention 
can be utiliZed in any device, system, or application that 
stands to bene?t therefrom. Thus, although the present 
invention is described beloW in connection With a proposed 
future generation of the TriMedia processor, Which consti 
tutes the presently contemplated implementation of this 
invention, it should be clearly understood that the present 
invention is not limited to this or any other application. For 
eXample, it is believed that this methodology Would have 
utility in any application in Which data is processed in 
blocks, With the data blocks being stored and fetched in a 
manner that makes inef?cient use of the available memory 
bandWidth (such as block-based video processing algo 
rithms, e.g., MPEG-1, MPEG-2, MPEG-4, H.263, and the 
like; video enhancement operations such as deinterlacing 
and 100 HZ conversion, and the like). 

[0019] By Way of background, it should be understood 
that many solutions have been proposed to minimiZe the 
amount of memory (i.e., the memory resources) required to 
implement digital video processing and coding algorithms, 
particularly in the context of consumer products, such as 
HDTV sets and set-top converter boxes, Which must perform 
MPEG-2 decoding and other post-processing functions in a 
highly cost-effective manner. The most Widely-adopted 
memory reduction scheme for MPEG-2 decoders is doWn 
scaling the decoded frames of digital video data prior to 
storage in the memory. Because the video data to be decoded 
is mostly interlaced, doWnscaling the video data only hori 
Zontally is the optimum solution With regard to preservation 
of image quality. 

[0020] HoWever, reducing the amount of data that is 
required to be stored in the memory does not automatically 
result in a decrease in the required memory bandWidth. This 
is due to some intrinsic properties of the memory, e.g., 
SDRAM, employed, Which dictate hoW the data is Written 
into and read out of the memory. In general, current tech 
nology stores each horiZontal line of an image roW-by-roW 
into the memory. In this Way, the organiZation of the video 
data in the memory corresponds to the physical orientation 
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of the display. For this reason, the video data is commonly 
referred to as a “bit map” of the display. It Will be readily 
appreciated that if the video data is doWn-scaled (com 
pressed) in the horizontal direction, thereby reducing the 
number of columns occupied by the video data, the number 
of roWs occupied by the video data Will not change. For 
example, if the decoded video data is compressed horiZon 
tally With a compression ratio of 2, then assuming that the 
video data originally consists of 16x6 macroblocks, then the 
compressed video data Will consist of 8x16 macroblocks, as 
is illustrated in FIGS. 2a and 2b. Obviously, the amount of 
memory required to store the compressed video data is half 
of the amount of memory that Would have been required to 
store the uncompressed video data. 

[0021] HoWever, reducing the amount of memory required 
to store the data does not necessarily result in a commen 
surate reduction in the required memory bandWidth. For 
example, if the data is fetched from the memory in a manner 
that results in a ?xed number of columns and a ?xed number 
of roWs of data being fetched With a single fetch command, 
then compressing (e.g., doWn-scaling) the number of col 
umns of blocks of data does not result in a reduction in 
memory bandWidth that is required to execute that fetch 
command, since only a ?xed number of columns are fetched 
With a single fetch command. 

[0022] Due to intrinsic characteristics of semiconductor 
memories, such as SDRAMs, the time required to access 
consecutive chunks of data stored in the same roW of the 
memory is much less than the time required to access 
consecutive chunks of data stored in consecutive roWs of the 
memory. The method of the present invention exploits this 
intrinsic characteristic of SDRAMs (and other types of 
semiconductor memories) by transposing (rotating) a block 
of data consisting of N roWs and M columns by 90°, to 
thereby produce a transposed block of data consisting of M 
roWs and N columns. Thus, Where N>M, the bandWidth 
required to fetch the transposed block of data is less than the 
bandWidth required to fetch the same block of data Without 
transposing it, since, after transposition, there are feWer roWs 
of data (although a greater number of columns of data) that 
need to be fetched With this scheme. In particular, if A><B 
fetch commands (Where A>B) are used to fetch the data, 
feWer such fetch commands Will be required to fetch a 
transposed block of data than Would be required to fetch the 
same block of data if it Weren’t transposed. Several 
examples of the method of the present invention are 
described beloW in order to illustrate the memory bandWidth 
reduction that can be achieved using the methodology of the 
present invention. These examples relate to a presently 
contemplated implementation of the present invention in 
connection With proposed future generations of the TriMedia 
family of processors. 

[0023] Presently proposed future generations of the Tri 
Media family of processors adopt 16><4/16><5 and 24><4/ 
24><5 fetch commands in addition to a linear fetch command 
for reading data from the external memory (e.g., SDRAM), 
in order to conserve memory bandWidth. HoWever, as Will 
become apparent hereinafter, When performing certain 
operations, such as MPEG-2 motion compensation, the 
amount of memory bandWidth conserved by use of these 
fetch commands can be greatly increased by utiliZing the 
method of the present invention. In this regard, the method 
of the present invention Will be described beloW in connec 
tion With the operations of Writing (storing) and reading 
(fetching) macroblock data for MPEG-2 motion compensa 
tion. 
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[0024] FIG. 3 depicts the components of the TriMedia 
processor that are relevant to an understanding of the present 
invention, namely, the MPEG-2 decoder 75, the Display 
Processing Unit 77, the system bus (data highWay) 79, and 
the external memory (SDRAM) 81. In operation, the 
MPEG-2 decoder 75 decompresses (decodes) the incoming 
video bitstream and Writes the decoded video data into the 
SDRAM 81. The decoded video data is then subsequently 
read out of (fetched from) the SDRAM 81, for tWo purposes, 
namely, (a) the MPEG-2 fetches reference macroblocks of 
the stored video data for motion compensation, and (b) the 
Display Processing Unit 77 fetches the video data for 
post-processing and/or display. Because the memory band 
Width required by the MPEG-2 decoder 75 to fetch ran 
domly located reference macroblocks for motion compen 
sation operations is far greater than that required by the 
Display Processing Unit 77 to fetch the video data for 
post-processing operations and/or display, the discussion of 
the present invention Will be focused on the former. 

[0025] For ease of illustration, it Will be assumed that the 
macroblock siZe is 17x17 (half-pel precision), although it 
should be clearly understood that the invention is not limited 
thereto, e.g., it is likeWise applicable to a macroblock siZe of 
16x16. In the case of 17x17 macroblocks, the 24><4/24><5 
fetch commands are used to fetch the reference macroblocks 
from the SDRAM 81. As Will be readily appreciated, three 
24><4 and one 24><5 fetch commands are required to fetch a 
single 17><17 macroblock. 

[0026] If the decoded video data is horiZontally doWn 
scaled by a factor of 2 prior to its being stored in the 
SDRAM 81, then the amount of memory required to store 
the decoded video data Will be commensurately reduced 
(i.e., by a factor of 2). The memory bandWidth required to 
Write this decoded video data into the SDRAM 81 and to 
read this decoded video data out of the SDRAM 81 to the 
Display Processing Unit 77 Will also be reduced by a factor 
of 2 (i.e., the required memory bandWidth Will be halved). 
HoWever, the memory bandWidth required to read reference 
macroblocks of the decoded video data from the SDRAM 81 
Will not be commensurately reduced, as illustrated beloW. 

[0027] With 2:1 horiZontal doWn-scaling, a 17x17 original 
macroblock is reduced to a 9x17 macroblock. To fetch a 
9x17 macroblock, three 24><4 and one 24><5 fetch commands 
are needed, as illustrated in FIG. 4, in Which the shaded area 
represents the data needed for motion compensation, and the 
unshaded area represents the unnecessary data (i.e., over 
head data). As can readily be seen, in this case, using the 
conventional methodology for storing and retreiving the 
data, 408 bytes of data (i.e., (3x24><4)+(24><5)) must be 
fetched in order to retrieve a 9x17 macroblock, i.e., 153 
useful bytes of data, thus resulting in retrieval of 255 
unncessary bytes of data. Auseful metric for quantifying this 
Waste of memory bandWidth is the ratio of unnecessary 
bytes/useful bytes of data resulting from the fetch sequence, 
i.e., in this case, 255/153=167%. This metric Will be here 
inafter referred to as “memory bandWidth overhead ratio”. 

[0028] HoWever, With the method of the present invention, 
the memory bandWidth overhead ratio for the above fetch 
sequence can be reduced from 167% to 41%. In particular, 
by rotating the 9x17 macroblock by 90°, the original 9><17 
macroblock becomes a 17><9 macroblock, i.e., the columns 
of the transposed macroblock correspond to the roWs of the 
original macroblock, and the roWs of the transposed mac 
roblock correspond to the columns of the original macrob 
lock, as is illustrated in FIGS. 5 and 2c. In this case, to fetch 
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a 17><9 macroblock, only one 24><4 and one 24x5 fetch 
commands are needed. As can be readily seen, in this case, 
the memory bandwidth overhead ratio is ((24><4)+(24><5)— 
(17><9))/(17><9)=41%. In particular, only 216 bytes of data 
((24><4)+(24><5)) must be fetched in order to retrieve a 9x17 
macroblock, i.e., 153 useful bytes of data, thus resulting in 
retrieval of 63 unncessary bytes of data. The net result is that 
the memory bandWidth required to retrieve the original 9><17 
macroblock using the methodology of the present invention 
is almost half of that required to retrieve the original 9><17 
macroblock using the conventional methodology. 

[0029] It Will be readily appreciated that the method of the 
present invention can be implemented in the memory inter 
face, Without any required modi?cation to the memory 
infrastructure itself. The method of the present invention 
may require eXtra lines of memory in the decoder itself 
because all roWs of the transposed macroblock Will need to 
be fetched in order to reconstruct one “real” roW of the 
original (non-transposed) macroblock. HoWever, any addi 
tional memory required locally at the decoder is a minor 
draWback in comparison to the dramatic reduction in 
memory bandWidth that can be achieved With the method of 
the present invention. 

[0030] Although the present invention has been described 
in detail hereinabove, it should be appreciated that many 
variations and/or modi?cations of the basic inventive con 
cepts taught herein Which may appear to those skilled in the 
pertinent art Will still fall Within the spirit and scope of the 
present invention as de?ned in the appended claims. 

[0031] To reiterate, although the present invention has 
been described above in connection With a proposed future 
generation of the TriMedia processor, Which constitutes the 
presently contemplated implementation of this invention, it 
should be clearly understood that the present invention is not 
limited to this or any other application. For eXample, it is 
believed that this methodology Would have utility in any 
application in Which data is processed in blocks, With the 
data blocks being stored and fetched in a manner that makes 
inef?cient use of the available memory bandWidth (such as 
block-based video processing algorithms, e.g., MPEG-1, 
MPEG-2, MPEG-4, H.263, and the like; video enhancement 
operations such as deinterlacing and 100 HZ conversion, and 
the like). 
What is claimed is: 

1. A method for storing a block of data comprised of N 
roWs and M columns, comprising: 

transposing the block of data by 90° to thereby produce a 
transposed block of data comprised of M roWs and N 
columns; and, storing the transposed block of data. 

2. The method as set forth in claim 1, further comprising 
retrieving the transposed block of data. 

3. The method as set forth in claim 2, Wherein the 
retrieving is performed using one or more fetch commands, 
With the number of fetch commands required to retrieve the 
transposed block of data being less than the number of fetch 
commands required to retrieve the same data if stored in its 
original form. 

4. The method as set forth in claim 1, Wherein the block 
of data comprises a block of video data. 

5. The method as set forth in claim 3, Wherein the block 
of data comprises a block of decoded MPEG video data. 
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6. The method as set forth in claim 3, Wherein each of the 
fetch commands is an A><B fetch command, Where A rep 
resents the number of columns of data and B represents the 
number of roWs of data to be fetched in response thereto, and 
Wherein further, A>B. 

7. The method as set forth in claim 1, Wherein the method 
is implemented in a video processor in connection With 
motion compensation operations. 

8. A processor that implements the method set forth in 
claim 1. 

9. The processor as set forth in claim 8, Wherein: 

the processor is a multimedia processor that includes a 
number of function units that are commonly coupled to 
a system bus that is coupled to a memory; and, 

the transposed block of data is stored in the memory. 
10. A method for storing data originally formatted to 

include N roWs and M columns, comprising: 

transposing the data by 90° to thereby produce transposed 
data formatted to include M roWs and N columns; and, 

storing the transposed data. 
11. The method as set forth in claim 10, Wherein the data 

comprises decoded MPEG video data that is comprised of a 
plurality of macroblocks, Which are stored as transposed 
macroblocks. 

12. The method as set forth in claim 11, further compris 
ing retrieving a selected one of the transposed macroblocks 
to be used as a reference macroblock in a motion compen 
sation operation. 

13. The method as set forth in claim 12, Wherein the 
retrieving is performed using one or more fetch commands, 
With the number of fetch commands required to retrieve the 
transposed macroblock of data being less than the number of 
fetch commands required to retrieve the same macroblock of 
data if stored in its original form. 

14. The method as set forth in claim 13, Wherein each of 
the fetch commands is an A><B fetch command, Where A 
represents the number of columns of data and B represents 
the number of roWs of data to be fetched in response thereto, 
and Wherein further, A>B. 

15. The method as set forth in claim 10, Wherein the 
method is implemented in a video processor in connection 
With motion compensation operations. 

16. A processor that implements the method set forth in 
claim 10. 

17. The processor as set forth in claim 16, Wherein: 

the processor is a multimedia processor that includes a 
number of function units that are commonly coupled to 
a system bus that is coupled to a memory; and, 

the transposed data is stored in the memory. 
18. A processor that implements the method set forth in 

claim 13. 
19. The processor as set forth in claim 13, Wherein: 

the processor is a multimedia processor that includes a 
number of function units that are commonly coupled to 
a system bus that is coupled to a memory; and, 

the transposed data is stored in the memory. 
20. The processor as set forth in claim 19, Wherein the 

memory comprises an SDRAM. 

* * * * * 


